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Previewspossibilities: RISC activity is diminished
by many of the stress signals associated
with induction of lytic replication, making
it possible for viruses to use RISC activity
as a barometer for stress (Seo et al.,
2013). In this model, alleviating miRNA-
mediated regulation would trigger a feed-
forward transcriptional cascade resulting
in increased lytic replication. Alterna-
tively, but not mutually exclusive, miRNA
regulation may slow lytic replication,
allowing chromatin modifications to
establish latency. Several examples of
host miRNAs directly regulating virus
gene expression or replication are known
(Gunasekharan and Laimins, 2013; Tro-
baugh et al., 2014; Jopling et al., 2005;
O’Connor et al., 2014), and likely many
others await discovery. Undoubtedly,
the work by Pan et al. makes an important
contribution to this growing field andsuggests that other pathogens may also
utilize host miRNAs to promote modus
vivendi, representing an arrangement
that would help host and pathogen
coexist.
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Pattern recognition receptors (PRR) promote pathogen eradication and shape adaptive immunity. Although
evidence suggests PRRs can antagonize each other, few detailed mechanisms are known. Wevers et al.
(2014) uncover a mechanism of PRR antagonism where fungal-induced Mincle signaling suppresses IL-12
transcription induced by other PRRs and thereby abates antifungal immunity.Innate recognition of pathogens is medi-
ated by multiple pattern recognition
receptors (PRRs) that can be broadly
classified as secreted, cytosolic, or trans-
membrane. These receptors are germline
encoded, recognize a variety of microbial
moieties, promote pathogen clearance by
activating innate cells, and crucially shape
adaptive immunity.
Transmembrane PRRs include Toll-like
receptors (TLRs) and C-type lectins
(CLRs). Although TLRs are the best
known and studied, there is growing
appreciation of CLRs as crucial mediators
of antimicrobial immunity, especially inresponse to fungi (Hardison and Brown,
2012). Similar to TLRs, members of the
CLR family of receptors have been found
to link innate recognition of fungal patho-
gens to the activation of adaptive immu-
nity. These include Dectin-1, Dectin-2,
and Mincle, which promote antifungal
effector mechanisms in innate cells and
shape adaptive immunity by promoting
CD4 T cell differentiation toward Th1 and
Th17 pathways, which largely mediate
fungal clearance (Hardison and Brown,
2012). These CLRs can mediate all the
prototypical PRR functions independently
of TLRs. Moreover, previous studies havesuggested that CLR-mediated signals
may modulate the activities of TLRs via
synergistic or antagonistic interactions
(Hardison and Brown, 2012; O’Neill,
2008).
CLRs play crucial roles in defense
against pathogens and recognize a vari-
ety of carbohydrate moieties (Hardison
and Brown, 2012). Ligand binding to
CLRs leads to the activation of NF-kB
via a Syk/CARD9 signaling module. Syk
kinase is recruited to immunoreceptor
tyrosine (Y)-based activation motifs
(ITAM) within CLRs and activated directly
or indirectly. While Dectin-1 directlye 15, April 9, 2014 ª2014 Elsevier Inc. 397
Figure 1. Mechanism of Mincle-Mediated IL-12 Suppression
Stimulation of Dectin-1 or TLR4 leads to IL-12p35 transcription dependent on
nucleosome remodeling by IRF1. High amounts of IL-12p70 promote CD4 Th1
differentiation and limit alternate fates of differentiation. Simultaneous trig-
gering of Mincle leads to FcRg-dependent Syk recruitment and signaling via
CARD9, Bcl-10, and MALT1. This CARD9 complex is required for PI3K and
PKB activation. PKB phosphorylates Mdm2, which then gains access to the
nucleus. Mdm2-dependent proteasomal degradation of IRF1 results in limited
IL-12p35 transcription and low IL-12p70 secretion. Low availability of IL-12p70
facilitates CD4 Th2 and possibly Th17 responses via limited induction of the
Th1 program of CD4 T cell differentiation.
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Mincle rely on their associa-
tionwith Fc receptor common
g-chain (FcRg) for Syk
recruitment. Recruitment
and activation of Syk triggers
the assembly of CARD9,
Bcl-10, and MALT1 signaling
complex and subsequent
NF-kB activation. Activation
of NF-kB results in the
expression of multiple cyto-
kines including IL-1, IL-6,
and IL-23 that facilitate Th17
cell differentiation as well as
IL-12, which is essential for
Th1 responses (Hardison
and Brown, 2012).
Given the complex nature
of microorganisms and the
multitude of host innate re-
ceptors, how are signals
simultaneously triggered by
diverse families of innate re-
ceptors integrated by the im-mune system to deliver optimal defense
against a given pathogen? Furthermore,
what strategies have pathogens evolved
to exploit innate recognition in their
favor? The elegant studies performed
by Gringhuis and colleagues in this issue
of Cell Host & Microbe provide insights
relevant to these questions. Wevers
et al. (2014) found that stimulation of
human dendritic cells (DCs) with Fon-
seca monophora, a causative agent
of chromoblastomycosis, triggered the
maturation of DCs and production of IL-
6, IL-1b, and IL-23, but not IL-12p70.
They present convincing evidence to
show that F. monophora is recognized
by both Dectin-1 and Mincle and that
while the production of cytokines was
dependent on Dectin-1, Mincle signals
limited IL-12p70 production via selective
suppression of IL-12p35 transcription.
Strikingly, Mincle-dependent suppres-
sion of IL-12p35 was dominant and
limited the production of IL-12p70
induced by either Dectin-1 or TLR stimu-
lation (Figure 1). The suppressive effect
of Mincle was dependent on Syk/
CARD9/Bcl-10/MALT1, which intrigu-
ingly is also activated downstream of
Dectin-1. The authors further revealed
that IL-12p35 transcription was regu-
lated at the level of nucleosome remod-
eling and depended on nuclear recruit-
ment of the IRF1 transcription factor398 Cell Host & Microbe 15, April 9, 2014 ª2that is essential for IL-12p35 production.
Mincle signals targeted proteasomal
degradation of nuclear IRF1 via the acti-
vation of the E3 ligase Mdm2. In turn,
Mdm2 activation and nuclear transloca-
tion was dependent on activation of
the signaling kinase PKB, which was
strongly induced by triggering of Mincle,
but not Dectin-1 or TLR4. Importantly,
the authors show that this intricate regu-
lation of IL-12 production by Mincle has
consequences for adaptive immunity
by shaping CD4 T cell differentiation
(Figure 1). They find that DCs cultured
with F. monophora promote Th2 cell
differentiation. Moreover, costimulation
of DCs with LPS and F. monophora
skewed CD4 T cells toward Th2 differen-
tiation instead of the usual Th1 response
induced by LPS alone. Stimulation of
Mincle had the same effect as anti-
IL-12 antibody blockade, thus suggest-
ing that Mincle-dependent suppression
of IL-12 facilitated Th2 cell differentiation
via inhibition of the Th1 program. The
dominant suppression of IL-12 mediated
by Mincle signaling was not limited to
F. monophora but was a conserved
response after activation by other fungi
as well as by the synthetic Mincle
agonist trehalose-6,6-dibehenate. In
aggregate, the answers provided by
this study suggest that fungal pathogens
may exploit selective innate receptor014 Elsevier Inc.recognition as an evasion
mechanism to promote their
survival. Moreover, this study
presents a mechanism of
how distinct CLRs may fine
tune adaptive immunity via
the suppression of signals
triggered by TLRs and other
CLRs.
Like many other interesting
studies, the article by Wevers
et al. (2014) not only provides
new answers but also raises
questions. (1) How can the
activation of a common sig-
naling module triggered by
Syk/CARD9 lead to opposite
outcomes in terms of IL-12
production upon Dectin-1
and Mincle stimulation? The
differential induction of
signaling cascades down-
stream of Syk/CARD9 is likely
to be an area of exciting
future discovery. (2) Is thesuppressive effect of Mincle on IL-12 pro-
duction unique to Mincle, or can this be a
shared feature of CLRs and other ITAM-
containing receptors that activate Syk?
Previous studies have documented that
multiple ITAM-containing receptors
crossregulate signaling by heterologous
receptors including TLRs (Ivashkiv,
2009). Therefore, it might be possible for
the intricate mechanism of IL-12 suppres-
sion identified by Wevers et al. (2014) to
be similarly employed by other CLRs
and ITAM-coupled receptors. (3) Is regu-
lation of IRF1 availability employed by
other pathways to modulate IL-12 pro-
duction? Qiao et al. recently showed that
IFN-g signals induce chromatin remodel-
ing via STAT1 and IRF1 recruitment to
the nucleus, thus promoting enhanced
cytokine expression upon TLR stimulation
(Qiao et al., 2013). Thus, regulation of
IRF1 recruitment to the nucleus might be
a common point of control by which
heterologous receptors can both enhance
and suppress not only IL-12 but also other
TLR-induced cytokines.
In the study ofWevers et al. (2014), sup-
pression of IL-12 production downstream
of Mincle stimulation lead to Th2 cell dif-
ferentiation, and the authors propose
that F. monophora exploits this skewed
response to sustain a chronic infection.
The enhanced differentiation of Th2 cells
is intriguing, and it is unclear whether
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expression of cytokines that facilitate
Th2 cell differentiation. The combination
of cytokines induced by F. monophora
stimulation (IL-1, IL-6, and IL-23) would
be expected to promote CD4 Th17 cell
differentiation instead of the observed
Th2 response. Previous studies in mice
have shown that Mincle mediates the
adjuvant activities of mycobacterial cord
factor, including the induction of Th17 dif-
ferentiation (Shenderov et al., 2013).
Perhaps suppression of IL-12 is one of
the mechanisms by which CLRs promote
Th17 cell differentiation and antifungal de-
fense. Consistent with this possibility, in a
pulmonarymodel ofAspergillus fumigatus
infection, Dectin-1 was found to promote
CD4 Th17 cell differentiation by reducing
transcription of IL-12 and IFN-g and thus
limiting Th1 CD4 T cell responses (Rivera
et al., 2011). Thus, suppressed transcrip-
tion of IL-12 downstream of CLRs might
be a common mechanism employed by
CLRs to promote CD4 T cell differentia-
tion diversity. As suggested by Wevers
et al. (2014), this function might in turn
be exploited by fungal pathogens to
evade protective responses.
Wevers et al. (2014) find that Mincle
suppresses IL-12 production induced
by either Dectin-1 or TLR4. In contrast,
Sousa et al. found that in mice, exoge-
nous TLR stimulation could synergize
with Mincle recognition of the closely
related fungus F. pedrosoi to induce
robust cytokine production and fungalclearance in vivo (Sousa et al., 2011).
Wevers et al. (2014) suggest that these
opposite observations might be due to
different functions of Mincle in mice
and men. Although this is a possible
explanation for the disparate findings,
an alternative explanation is that in the
context of an intact organism the overall
immune response is the end result of
distinct regulation of innate signals in
different innate cells. Sousa et al. (2011)
found synergy between F. pedrosoi stim-
ulation and TLR ligands in human macro-
phages, while Wevers et al. (2014) used
DCs (Sousa et al., 2011). Differential acti-
vation of Dectin-1 signaling in murine
macrophages and DCs has been
observed where stimulation with
b-glucan triggered robust TNF produc-
tion in bone marrow DCs but not in mac-
rophages (Goodridge et al., 2009). Thus,
it might be possible for synergy or antag-
onism upon simultaneous engagement
of CLRs and TLRs to be differentially
regulated in macrophages and DCs.
Future studies will be needed to further
elucidate these possibilities and will un-
doubtedly bring about a more thorough
understanding of the multiple mecha-
nisms of crossregulation of cytokine pro-
duction by innate receptor families that
could prove to be of therapeutic utility
against inflammatory diseases or to facil-
itate pathogen eradication. Such studies
contribute to the rich legacy of the
pattern recognition theory as a crucial
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